We examine the view that the success of emerging technologies may be understood using a technological innovation systems analysis, drawing on a system functions approach. This is done in the context of a case study of the successful diffusion of biomass digestion technology in Germany. We show that that all system functions that are claimed to be important within the innovation systems approach are present in the German Biomass Innovation System; and that these system functions positively interact leading to virtuous cycles and a rapid growth of the German Biomass Digestion Innovation System.
Introduction
During the last decades the innovation system approach has become a well-established heuristic framework that presents insight in the factors that explain processes of innovation (Lundvall 2002) . This framework has proven to be successful for policy purposes; it has been adopted as an analytical framework and guideline for science and innovation policy making by numerous public organisations around the world (Albert and Laberge 2007) .
In spite of this success, the innovation system approach is still associated with conceptual diffuseness. One line of research, proposed by Edquist (2004) , is therefore to make it more clear and consistent so that it will serve as a basis for generating hypotheses about specific variables within innovation systems. He states that one way to increase the rigor and specificity of the innovation system approach is to relate innovation systems explicitly to general systems theory, as has been done to a much larger extent in natural sciences than in the social sciences.
One of the characteristics of a 'system' is that it has a function, i.e. it performs or achieves something. However, this has not been addressed systematically in earlier work on innovation systems. Galli and Teubal (1997) focused their thoughts in this direction, and this was followed up by Johnson (1998) , Jacobsson and Johnson (2000) , Liu and White (2001) , and Rickne (2001) . These authors claim that several system functions are considered important for an innovation system to develop and thus increase the success chances of the emerging technology. They propose a conceptual model in which the satisfactory fulfilment of several system functions has a positive influence on the development and diffusion of innovations.
This line of research has attracted much attention by scholars interested in understanding the driving forces and the blocking mechanism that influence the development and diffusion of sustainable technological trajectories (Foxon et al. 2005; Suurs and Hekkert 2005; Alphen, Hekkert, and Sarke 2006; Bergek, Jacobsson, and Sanden 2006; Markard 2006; Hekkert et al. 2006; Negro, Hekkert, and Smits 2007a; Negro et al. 2008) . Even though the results are promising there is one issue that remains problematic. Most studies focus on technological trajectories in an early state of their emergence. The logical consequence is that the diffusion level of innovations is low. This makes it difficult to test the proposed conceptual model. Thus, what is needed to propel this line of theory development further is an analysis of empirical case studies of successful technological trajectories.
For that reason in this article we analyse the evolution of biomass digestion in Germany. The diffusion of this renewable energy technology is a great success compared to diffusion in other European countries. By analysing the functioning of the German biomass digestion innovation system over time we aim to test whether the claims about the importance of innovation system functioning will hold.
The research question of this paper is:
Can the successful diffusion of biomass digestion in Germany be explained by a well-functioning innovation system?
The paper is structured as follows: an overview of the background of the innovation system approach and the system functions concept is given in Section 2; the focus being on the functions that are used in this paper. The methodology applied is then described in Section 3. The technical aspects, event description of biomass digestion in Germany and the function fulfilment can be found in Section 4. Section 5 contains the conclusions and lessons learnt from the German case.
This implies that there is a technological innovation system for each technology and that each innovation system is unique in its ability to develop and diffuse a new technology . When the TIS is in the early stages of emergence the number of actors, networks, and relevant institutions is much smaller than in a NIS; which reduces the complexity. This makes it possible to map the dynamics of an emerging TIS.
A well-functioning TIS is a requirement for the technology in question to be developed and widely diffused. In fact, large-scale diffusion cannot take place without a well-functioning TIS, but what is it that determines whether or not a TIS functions well and how do we find out? One option is to study the end result, namely the diffusion of the technology. However, for emerging innovation systems this is not a viable strategy because diffusion by definition does not yet take place. Edquist (2001) states that determining factors can be traced by identifying the key activities that take place within the TIS that influence the development, diffusion, and use of an innovation. These activities are also called 'functions of innovation systems' ('system functions') by other authors. Jacobsson and Johnson (2000) developed the concept of system functions in which a system function is defined as '…a contribution of a component or a set of components to a system's performance' (Bergek 2002, 21) . They state that a TIS may be described and analysed in terms of its 'functional pattern', i.e. how these functions have been served (Johnson and Jacobsson 2002, 3) . The system functions are related to the character of, and the interaction between, the components of an innovation system, i.e. actors (e.g. firms and other organisations), networks, and institutions, either specific to one TIS or 'shared' between a number of different systems (Edquist 2001) .
Several recent studies applied the system functions approach, which has led to a number of system function lists in the literature. This creates unanimity about which system functions are relevant. This paper uses the recently developed list of system functions at Utrecht University (Suurs and Hekkert 2005; Hekkert et al. 2006; Negro, Hekkert, and Smits 2007a; Negro, Hekkert, and Smits, in press ) that will be applied to study the functioning of the German Biomass Digestion Innovation System over time.
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Function 1: Entrepreneurial activities
The existence of entrepreneurs in innovation systems is of prime importance. Without entrepreneurs no innovation would take place and the innovation system would not even exist. The role of the entrepreneur is to turn the potential of new knowledge development, networks and markets into concrete action to generate and take advantage of business opportunities.
Function 2: Knowledge development (learning)
New knowledge needs to be developed if solutions to the identified problems have to be provided, i.e. the development of a new technology, in which the development of scientific and technological knowledge is crucial. Possible sources of new knowledge are R&D, search and experimentation, learning-by-doing/using and imitation, where the combination of old and new knowledge in innovative ways and the reuse of old knowledge by imitation are included.
Function 3: Knowledge diffusion through networks
The essential characteristic of networks is to exchange information. The diffusion of information through networks, such as for example changing norms and values, can lead to a change in R&D agendas.
Function 4: Guidance of the search
The activities within the innovation system that can positively affect the visibility and clarity of specific needs among technology users fall under system function: 'Guidance of the search', one example being the announcement of the government goal to aim for a certain percentage of renewable energy in a future year. This event gives a certain degree of legitimacy to the development of sustainable energy technologies and stimulates the allocation of resources for this particular development. Expectations are also included since expectations can occasionally converge on a specific topic and generate momentum for change in a specific direction.
Function 5: Market formation
New technologies often have difficulties competing with embedded technologies, therefore it is important to create protected spaces for new technologies. One possibility is the formation of temporary niche markets for specific applications of the technology (Schot, Hoogma, and Elzen 1994) . Another possibility is to create a temporary competitive advantage by favourable tax regimes or minimal consumption quotas.
Function 6: Resource mobilisation
Resources in terms of both finance and human capital are necessary as basic input to all the activities within the innovation system. Specifically for biomass technologies, the abundant availability of the biomass resource itself is also an underlying factor that determines the success or failure of a project.
Function 7: Advocacy coalition (creation of legitimacy/counteract resistance of change)
In order for it to develop well a new technology must become part of an incumbent regime, or even overthrow it. Parties with vested interests will often oppose this force of 'creative destruction'. In such a case, advocacy coalitions can function as a catalyst; they put a new technology on the agenda (F3), lobby for resources (F6), favourable tax regimes (F5) and by doing so create legitimacy for a new 'technological trajectory' Sabatier and Jenkinssmith 1988; Sabatier 1998) . If successful, advocacy coalitions grow in terms of size and influence and may become powerful enough to brisk up the spirit of creative destruction.
It is important that each individual system function is served. However, the growth of a TIS is claimed to be related to the interaction dynamics between the system functions. Positive interactions between system functions could lead to virtuous cycles that accelerate the growth of an innovation system and lead to the diffusion of a new technology (see Figure 1 , representing possible virtuous cycles).
Using empirical data as the basis the interactions between the system functions can be assessed, whether a positive or a negative cycle takes place. Because we have defined seven system functions, many interactions are possible. However, the number of starting points is likely to be much smaller. We expect to observe certain patterns of interaction more often than others. One example of a virtuous cycle we expect to see regularly in the field of sustainable technology development is the following. The virtuous cycle starts with Function 4: 'Guidance of the search'. In this case, societal problems are identified and government goals are set to limit environmental damage. These goals legitimise the mobilisation of resources to finance R&D projects in search of solutions (Function 6), which, in turn, is likely to lead to knowledge development (Function 2) and increased expectations about technological options. Another virtuous circle that we expect to occur regularly starts with entrepreneurs lobbying for better economic conditions in order to make further technology development possible (Function 7). They may either lobby for more resources to perform R&D, leading to higher expectations, or they may lobby for market formation, because very often a level playing field is not present. If this lobby leads to the creation of markets (Function 5), an entrepreneurial activities boost is expected (Function 1), leading to more knowledge formation (Function 2), more experimentation (Function 1), increased lobbying (Function 7) for even better conditions, and high expectations guiding further research (Function 4). Many other combinations are possible; the causality is bound to be very complex, for example, when different system functions enhance each other.
Vicious cycles are also possible. These are cycles in which a negative function fulfilment leads to reduced activities related to other system functions, thereby slowing down or even stopping progress. For example, if the expectations of a technology are high (F4) but the practical results are disappointing, a collective disillusionment in the technology (−F7) may rise and thus bring an end to new projects being set up (−F1). This can reduce the amount of activity for knowledge development (F2) and lessen the availability of resources (−F6). Another possible vicious cycle is the lack of consistent government guidance (−F4), resulting in the absence of a market (−F5), and consequently there is no incentive for entrepreneurs to set up projects (−F1). In turn, this can lead to less support and lobbying (−F7) for better institutional conditions (−F4) and so forth, until the system eventually collapses. By analysing a successful case we hope to gain insight into the build-up of virtuous cycles that lead to the successful diffusion of emerging technologies.
Methodology
Historical event analysis
The method we use to map functional patterns is inspired by the 'Historical event analysis' as used by Van de Ven and colleagues (Van de Ven et al. 1999; Poole et al. 2000) . Stemming from organisational theory, their usual focus is on firm and firm networks; in our case, the analysis is applied to the level of technological innovation systems.
Basically, our approach consists of retrieving a wide range of activities using a variety of sources related to the development and diffusion of the technology studied; the data for this paper were collected from Lexus Nexus, 2 newspapers, magazines, reports and websites. The data will be used to reconstruct the chronological development of biomass digestion technology in Germany in the period 1990-2005. The events are stored in a database, classified and systematically allocated to specific system functions. Each event category is allocated to one system function using a classification system (see Table 1 ) in which specific event categories are allocated to specific system functions. During this procedure, the classification system was developed in an inductive and iterative fashion. The classification system and event categories are verified by another researcher 
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to improve reliability. Any differences in the coding results of the researchers are analysed and resolved. Table 1 shows the allocation system of how events reported in literature are allocated to the system functions. We indicate whether the events are labelled as positive or negative.
The contribution of an event to the fulfilment of a system function may differ considerably from event to event. Some events have a positive contribution to the diffusion of the technology, while others contribute negatively as an expression of disappointment for instance, or the opposition of an important political group. The positive and negative events are included in the story line so as to yield specific insights into controversies emerging around the analysed technology.
The case of German biomass digestion
Technological background
Anaerobic digestion is a low-temperature biochemical process, through which a combustible gasbiogas -can be produced from biomass feedstock. Biogas is a mixture of carbon dioxide (CO 2 ) and methane (CH 4 ) which can be used to generate heat and/or electricity via secondary conversion technologies such as gas engines and turbines. Most biomass digestion plants operate according to the principle of 'wet digestion' 3 in which the basic substrates are cow and pig manure. Depending on the region, other manure and poultry excrements are digested as well, but in much lower quantities. 4 In more than 90% of the plants, co-substrates are also co-digested, such as energy crops, harvest surplus, verge grass, fat, food residues, and local organic household waste. The added share of co-substrates varies, on average, between 20 and 50% (E&M 2002; Berenz 2003) . Co-digestion is allowed as long as the criteria of the 'Biomass ordinance' are respected. In 2001, the 'Ordinance on generation of electricity from biomass' 5 ('Biomass ordinance') was published by the 'Federal Ministry for the Environment, Nature Conservation, and Nuclear Safety' 6 (BMU), defining which substances fall under biomass, which technologies should be used for the conversion of biomass to electricity, and which environmental standards need to be observed (Janzing 2001b) .
There are two types of biomass digestion plants in Germany: the decentralised, farm-scale plants (EHA 7 ) and the centralised, large-scale plants (BGA 8 ) . EHAs with a capacity of less than 70 kW dominate in the South and Southwest of Germany whereas in the North and in the Eastern federal states, 9 the BGAs can be found, with an average capacity of 200 kW (E&M 2002; Umbach-Daniel 2002) . The differences in agricultural structure 10 are a result of the high cattle density in the South compared to the North (Berenz 2003) . As a result, in the South, EHAs are set up on farms where manure and agricultural surplus from the respective farms are co-digested and electricity and heat are provided to the farm buildings. Any electricity surplus is then fed into the grid (Janzing 2001a,b,c; Muehlstein 2001b; Börnecke 2004; Kuhr 2005) . In the North, the BGAs are a cooperation of several agricultural or energy supply firms, where more than two farmers provide the biomass feedstock (Umbach-Daniel 2002). Farmers and others deliver the biomass (i.e. organic waste from industry or communities) to the BGA where biomass digestion production and utilisation is centralised and the electricity produced is fed into the electricity grid (Umbach-Daniel 2002) .
In this paper the diffusion of the EHAs will be analysed because this diffusion is very successful. See Umbach-Daniel (2002) for an analysis of the factors underlying the low diffusion of BGA type plants.
Historical overview of the evolution of German biomass digestion, 1990-2006
In the following section the evolution of the Biomass Digestion Innovation System will be reconstructed, reference being made to the various system functions as F1, F2, F3 etc., according to Table 1 . The description will be subdivided into different periods. The end of each period is chosen on the basis of a change in key activities; therefore, not all periods are equal in length. At the end of each period the sequence of the activities will be analysed on the basis of the system functions fulfilled and on whether virtuous or vicious cycles occurred.
1990-1997: From the do-it-yourself (DIY) era to turnkey technology
Between 1980 and 1990 pioneers set up about 15 pilot farm-scale plants (mainly situated in the South) (Schultz 2001; Berenz 2003; StMLU 2003) . However not until the early 1990s do more activities occur that are driven by the introduction of the 'Electricity Feed Act' 11 (EFA) for renewable energy and the taxing of fossil fuels 12 (Metzger 1997; Urbach 1997; Berenz 2005) . As a result of the introduction of these regulations the expectations among engineers and entrepreneurs have increased that biomass digestion technology could become a promising energy conversion technology for electricity production (F4) (Guelzow 2000; Bach 2003) . In order to realise these expectations the 'German Biogas Association' (GBA) 13 was founded in 1992 (FachverbandBiogas 2005). The GBA fulfils two important system functions, i.e. knowledge diffusion (F3) and advocacy coalition (F7), by bringing together different parties involved in the setting up of biomass digestion projects, putting biomass digestion technology on the political agenda (F7), and supporting the exchange of experience and knowledge in the biomass digestion sectors (F3) (FachverbandBiogas 2005; Schmack 2006 ). This increasing support of, and interest in, biomass digestion technology incites the setting up of several other engineering companies in 1995, specialising in the development, planning, and construction of 'ready-to-use' biomass digestion plants, such as Schmack Biogas AG, Farmatic Anlagenbau GmbH, and Biogas Nord (F1) (Koepke 1999; Bach 2003; FachverbandBiogas 2005) . The setting up of such companies (F1) helps to change the image of the biomass digestion sector from 'do-it-yourself' and 'eco-fundamentalism' towards a professional, turn-key technology in the period 1997-1999 (F6, F7) (Stern 1999 ). In addition, the 'Agency for Renewable Energy' (FNR) is set up as project leader of the 'Federal Ministry for Food, Agriculture, and Forestry' (BML) to support and supervise research on biogas (F4), initiate workshops for project members (F3) and to put the obtained results at the disposal of all interested parties (F3) (Guelzow 2000; Bach 2003) . As a result, biomass digestion technology is quickly seen as a serious candidate for renewable energy production.
To summarise the development of this period, the government guides the search by introducing the 'Electricity Feed Act' (F4). In addition, public and private agencies to lobby the diffusion of biomass digestion technology and its exposure as a renewable energy technology are set up (F7). At the same time entrepreneurs carry out research (F2) so as to provide a professional biomass digestion technology (F1). These simultaneous developments lead to several building blocs (guidance by the government, a well-organised sector and a well-functioning technology) being put in place that will provide the basis for the build up of the innovation system.
1998-2001: 'Green power'
The following years were characterised by major changes in the institutional environment, i.e. change in government, the increase of feed-in rates 14 and liberalisation of the energy market. After the elections in 1998 the governing conservative party (CDU) was replaced by a coalition of the Social Democratic Party (SPD) and the Green Party (Bündnins 90/Die Grünen) until 2005 (Red/Green Coalition) (Decker et al., 2007) . This new federal government strongly supported power generation from renewable energy and in the same year the 'Electricity Feed-in Act' 15 was altered and the feed-in rates increased (F4) (Solarenergie-Foerderverein 1999). The government expected that by increasing the feed-in rates energy companies would produce more renewable energy and that, by liberalising the market, the consumer would choose those renewable energy sources. However, renewable energy sources are still more expensive, 15 cents/kWh compared to 9 cents/kWh, since energy companies provide cheaper energy by importing nuclear energy (Metzger 1999) . Therefore, very few consumers made the switch from conventional energy to renewable energy. The electricity company 'Naturstrom AG' had high expectations of winning over some 12,000 customers by the end of 1999; however, only about 1,200 customers were actually connected (Koch 1999).
The government soon recognised that the achievement of their goals was jeopardised and the Federal Ministry of Economics and Technology 16 (BMWi) introduced a 'Market stimulation programme for renewable energy' 17 to get back on track (F4) (Hell 1999) . The aim of this programme was to achieve the goal set by the Federal Government to double the share of renewable energy in the total energy supply until 2010 (Hell 1999) .
The combination of the programme (F4) and the alternation of feed-in rates (F5) resulted in the biomass digestion sector continuing to grow; some 150 biomass digestion plants were built in 1998 and the construction of yet another 150 plants was predicted for 1999 (F1) (Bischof 1999; Stern 1999 ). Nonetheless, engineering companies such as Schmack hoped for even higher feed-in rates for small-scale plants (about 12.5 eurocents) and have high expectations (F4) regarding the introduction of a new regulation in sight (Koepke 1999) .
Again, the government recognises that liberalisation of the energy market does not have the desired effect of increasing the share of renewable energy and therefore the decision is taken to replace the 'Electricity Feed Act' (1991/1998) with one of the most important regulations, the 'Act on granting priority to renewable energy', also known as the 'Act on Sale of Electricity to the Grid' 18 ('Act') (F4) (Janzing 1999b; BMU 2000) . It is believed that the goal of doubling the share of electricity produced by renewable energy by 2010 can only be achieved if renewable energy producers are guaranteed a fair, long-term remuneration and a reliable basis for investments (Janzing 1999b ). The new rates provide improved perspectives for the agriculture and forestry sector thanks to the higher rates (10 cents/kWh) compared to the previous rate of 7.5 cents/kWh, and no distinction is made with respect to plant size (F5). Furthermore, these rates will remain the same for the next twenty years, with no limit to the amount of electricity to be fed in (see Table 2 for an overview of the rates per plant size compared to the previous rate) ( SolarenergieFoerderverein 1999; Haas 2000; Janzing 2000a ). Here the government decided on its own account to alter the institutional setting in order to ensure that their targets will be achieved.
Dr Gerhard Rech, head of the Department of Renewable Raw Materials and Energy of the 'Federal Ministry for Food, Agriculture, and Forestry' (BML), 19 expects the feed-in of electricity from the agricultural sector to double as a result of the new remuneration rates (F4) (Haas 2000) . As additional support, the BML ensures farmers that they can cultivate energy crops on 'fallow land' without losing the subsidy for keeping the land fallow (F4) (Haas 2000) . On top of that, the FNR agency, with support of the BML, made a guideline report 20 available for the successful implementation of bioenergy projects (F4) (Guelzow 2000) .
The anticipated boost in the biomass digestion sector was observed shortly after. which 20-25% of the national energy demand could be covered by biomass, and that over several years each community will have its own biogas plants (F4) (Janzing 2001a) . However, the majority of those plants are still located in the Southern part of Germany, Bavaria and Swabia, which makes the other Federal States developing countries in comparison (Köpke 2001a) . In order to increase the diffusion of biogas plants in other states as well, the Green Party wrote a proposal with the Social Democratic Party (SPD), to start a 'Federal State Biomass Offensive', the goal of which was to inform farmers about the potential and the advantages of biogas plants (F4) (Köpke 2001a) . Here the government realised that not only were the allocation of resources (F6) and market formation (F5) important but that the fulfilment of other system functions, such as in this case, knowledge diffusion (F3), was also important in order to increase the diffusion of biomass digestion in other regions as well.
In addition to the profitable feed-in rates, the 'Ordinance on Generation of Electricity from Biomass' ('Ordinance') 21 was introduced with the aim to optimalise the availability of biomass and waste streams (F4) (Preuss 2001a; Janzing 2002) . The Ordinance defines which substances fall under biomass, which technologies are to be used for the conversion of biomass to electricity, and which environmental standards have to be complied with (Janzing 2001b) . By prescribing which biomass is allowed a great deal of the uncertainty among entrepreneurs and farmers is removed. Again the government provided guidance (F4), not by providing financial means (F6) but by introducing guidelines. In order to ensure the flawlessness of the Ordinance, a scientific monitoring of two and a half years was carried out, where different biomass streams were assessed (BMU 2000; E&M 2002) . This combination of the Act and the Ordinance formed the very basis of an increasing expansion of electricity production from biomass digestion in Germany, with the expected setting up of another 600 biomass digestion plants with a total capacity of 75MW between (Kueffner 2001 . Given these positive expectations, Da Costa Gomez, managing director of the GBA, estimates:
… biomass digestion technology to cover up to 11% of the electricity supply in Germany in 2010 … and … biomass digestion production to be a second income and employment pillar for farmers, since the profits of biomass digestion plants are guaranteed for the next 20 years, due to the improved feed-in rates and guaranteed stability of 20 years; in addition, the image of the agricultural sector would be improved if farmers were looked upon as energy providers. (Schultz 2001) Also in this period, guidance by the government (F4) to increase the share of renewable energy, by increasing the feed-in tariffs (F5) but also by promoting knowledge diffusion (F3) and aligning institutional conditions (F4), acts as the starting point for a virtuous cycle to occur. As the government decides to increase the feed-in rates a market will be created (F5) which will trigger farmers to use biomass digestion technology as a second income source and more biogas plants will be constructed (F1). As more plants are constructed more biomass will be needed 22 and the 'Ordinance' that allows co-digestion 23 will be introduced, thereby increasing the biogas yield, making biomass digestion more profitable and attracting more entrepreneurs and farmers to jump onto this 'bandwagon' (F1). This sequence of events shows that the system functions interact positively with each other, leading to a virtuous cycle.
2002-2003: The reverse side of the medal
At this point in time all seemed to be going well for the biomass digestion sector. The technology was seen as a profitable renewable energy technology and the institutional conditions (higher feed-in rates of the EEG) were aligned with the needs of the entrepreneurs.
However, in 2002, without further notice, Minister Müller of the BMWi announced a cutback from ¤150 million to ¤86 million of the investment support for biomass digestion plants within the 'Market stimulation programme' (−F6) (Schultz 2001) . As a result, the construction of plants under 200 kW was economically unprofitable and several farmers stopped their initiatives (−F1) (Schultz 2001; Muehlstein 2001a ). This reduction of financial resources (−F6), causing the non-profitability of small and medium sized biomass digestion plants using only 'natural' biomass 24 (−F1) (Pecka 2003e) , resulted in a decreased growth of the biomass digestion sector. In the first half of 2003 only 30 plants were set up as opposed to the 75 in the previous year (Pecka 2003e) . Furthermore, many projects were now on hold and entrepreneurs could not set up any new projects, as argued by the vice-president of the GBA, Markus Ott: … another 200 projects are ready to be set up but are on hold, waiting for a clear sign from Berlin. In the current situation, entrepreneurs of biomass digestion plants can only do as much as retrofitting or expansion work…. (Pecka 2003e) In an attempt to boost entrepreneurial activities the Green Party 25 started an initiative (F4) to better inform farmers about the advantages of and profits from biomass digestion. Furthermore, a support programme 26 for biomass digestion plants was set up (F4) (Köpke 2001a; E&M 2002; Gruber 2005) . Additionally, to compensate for the previous cut back on research money in the Market Stimulation Programme, the Federal Commission 27 agreed 'to increase the budget 28 for the programme from ¤150 million to ¤200 million for 2002' (F6) (Muehlstein 2001a) .
To summarise, the cut back of the budget (−F4) triggered several negative activities, such as the discontinuation of projects (−F1) and the reduction of financial resources (−F6). However, thanks to the increased legitimacy (F7) and fast action of the Federal Commission (F4), the worst was avoided, with the result that new financial resources (F6) were made available for the continuation of projects (F1).
2004-2006: The breakthrough
The previous dip was overcome when, in 2003, preparations for the amendment of the Act under the leadership of Jürgen Trittin, Minister for Environment, started to develop (F4). The Green Party organised a conference to give all interested parties the opportunity to influence the amendment (F4) (Gammelin 2003) . The aim of the conference was to counteract the opponents of renewable energy with constructive work, instead of getting caught up in polemics (F7) (Gammelin 2003) . Following this conference, the Federal Ministry for the Environment (BMU) accepted the concept for the amendment of the Act by the GBA (F4) (Pecka 2003e Rates higher than 10 cents/kWh; additional compensation of 2.5 cents/kWh for the use of 'traditional' products for plants with an electrical capacity; compensation of 12,5 cent/kWh for plants of 75 kW and 11.5 cents/kWh for 200 kW plants; facilitation of the complicated and lengthy permit regulations, since many regulations 31 contradict each other, resulting in the delayed set up of biomass digestion plants. (Pecka 2003e) Finally, on 1 August 2004, the amendment of the Act (Renewable Energy Source Act -EEG 32 ) entered into force, with the aim: … to facilitate a sustainable development of energy supply, particularly for the sake of protecting our climate, nature, and the environment, to reduce the costs of energy supply to the national economy … and … to contribute to the increase in the percentage of renewable energy sources in power supply to at least 12.5% by 2010 12.5% by and to at least 20% by 2020 12.5% by . (BMU 2004 The new EEG version provided additional fees (bonuses) that can be used in combination if the electricity is produced exclusively from self-regenerating raw materials, 33 combined heat-power, or if the biomass is converted using innovative technologies (e.g. thermal chemical gasification, fuel cells, gas turbines, etc.) (F4) (BMU 2004) . Table 3 provides an overview of the old and new fees for electricity produced by plants with a capacity up to and including 20MW, exclusively using biomass.
The most agreeable change was the increased bonus from 2.5 to 6 cents/kWh for plants up to 500 kW, using self-regenerating raw materials as requested by the GBA, the Federal Bioenergy Union and the German Farmers Union in 2003 (Pecka 2004b) . In addition, a bonus of 4 cents/kWh would be given to plants up to 5 MW when using raw materials 34 (Pecka 2004b) . The expectations were very high thanks to the improved rates. For 2004, the construction of another 500 plants, each with an average capacity of 330 kW, was expected (Pecka 2004b) . Dr Da Costa Gomes, GBA 2.00
As of 1 January 2002, the remuneration will be reduced by 1% for each newly built plant (EEG 2000) . From the amended Act, the new digression rate will change from 1% to 1.5% (EEG 2004 even expected that: '…the demand for biomass digestion installations would be higher than the capacity of biomass digestion technology suppliers …' (Pecka 2004b; Pecka 2005a) . Once again, the expectations were fulfilled with the setting up of another 600 plants, bringing the total number of plants in 2005 to 2700 with a total capacity of 650 MW (Keck 2004; Pecka 2005a) . The managing director of GBA expected that from now on energy companies would invest in biomass digestion plants as well thanks to the improved conditions, such as the higher rates and facilitated conditions for feed-in, transfer and distribution of electricity as a result of the amendment of the Act (F4) (Shafy 2004; Pecka 2005a) .
Also the EU Commission confirmed the success of the EEG. It turned out to be the most efficient and convenient method to support the development and diffusion of renewable energy, as can be seen from the high diffusion of biogas plants, but it also provided 120,000 jobs, a turnover of ¤6 billion and a reduction of 35 million tonnes CO 2 -equivalent in 2001 (BMU 2002; COM 2005; Pressedienst 2005) .
In this period, the trigger for the long-awaited breakthrough of biomass digestion was provided through the introduction of the EEG by the Red/Green Coalition (F4). The EEG turned out to fulfil all expectations due to the government aligning to the requests of the sector and the sector providing clear demands and wishes (F7). The higher feed-in rates provide a market for biomass digestion technology (F5) and this attracts more entrepreneurs and farmers to set up biogas plants (F1). At last, biomass digestion is propelled from a development phase into a diffusion phase.
Conclusion
The research question of this paper is: Can the successful diffusion of biomass digestion in Germany be explained by a well-functioning innovation system? First, with respect to the method used, it can be said that the system functions approach proved to be a useful tool for systematically analysing and structuring the empirical data. It allowed the identification and analysis of the reasons for the success of biomass digestion in Germany. All the events that were collected could be allocated to one of the system functions. This backs the assumption, as has been shown in several other studies (Suurs and Hekkert 2005; Negro 2007; Negro, Hekkert, and Smits 2007; Negro, Suurs et al. 2008) , that the system function list proposed by Hekkert et al. (2007) is relevant and that no system function is superfluous, nor that any system functions are missing.
Second, the empirical conclusions are the following. The dynamic analysis of biomass digestion in Germany shows that positive functional patterns occur.All system functions are present, fulfilled and interact with each other, leading to the build-up of a well-functioning innovation system. As a result, the system gains enough critical mass to overcome technical problems and institutional changes, such as liberalisation of the energy market. Furthermore, as the system functions interact with each other, they reinforce each other and incite other system functions to be fulfilled as well. The main trigger behind the build-up of a well-functioning innovation system is a highly successful government that focused on many system functions, starting with guidance (F4), creation of legitimacy (F7), followed by market formation (F5) and resource mobilisation (F6). In addition, knowledge development (F2) and diffusion (F3) were also stimulated by the government by setting up research programmes and agencies. On top of that, the activities of the government (increase of feed-in rates) were well aligned with the needs of the biogas sector. This shows that the government played the role of a system builder, where other aspects than only financial ones, were fulfilled.
Then again, the build-up of an innovation system cannot only occur through one single actor, but through the interplay of several actors within the biogas innovation system. In fact other actors, such as entrepreneurs, farmers and engineers, performed complementary activities, such as developing turnkey technologies (F1), knowledge creation (F2), knowledge diffusion (F3), construction of biogas plants (F1) and by skilfully articulating their demands and wishes (F7). The fact that biogas advocates were well organised undoubtedly helped to convey a clear message to the government. The growth of the sector in terms of labour market empowered the sector in terms of legitimacy. This well-functioning 'private' part of the innovation system stimulated the government even more to align its activities to the sector's needs so as to increase the diffusion of the technology. With the continuous support (F5, F6) and long-term guidance by the government (F4), the number of entrepreneurs increased to set up more plants (F1), leading finally to the breakthrough of biomass digestion technology.
30. In German: Deutschen Bauernverband, DBV 31. Such as federal emission regulations, construction rights, increasing security requirements, organic waste regulations, waste laws, EU-hygiene guidelines, fertiliser laws, and different state operations (Pecka 2003e ). 32. In German: Energieeinspeisegesetz (EEG). 33. In German: Nachwachsende Rohstoffe (NawaRos). 34. In addition to the renewable raw material bonus, an incentive for the use of the produced heat and innovative technologies, i.e. 2 cent/kWh per new plant, is available. The CHP bonus is only available for electricity production, corresponding to the requirements of the 'CHP modernisation law'. The technology bonus would provide fewer impulses, even though some operators did profit from it. Nonetheless, in this respect the upgrading of biogas to natural gas quality could be favoured, which would stimulate the feed-in of biogas into the gas grid. However, a gas feed-in law is still out of sight in Germany (Pecka 2004b) , at least until 2006 when the Green Party would launch another attempt to propose a 'Feed-in Law for Biogas' (Einspeisegesetz für Biogas) along the lines of the 'Feed-in Act for Electricity' (Gammelin 2006 ).
